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LOW CORROSION RATE AND HIGH STRENGTH HOT ROLLED STEEL SHEET 
EXCELLENT IN HOLE EXPANSIBILITY AND DUCTILITY, AND ITS PRODUCTION 
METHOD 

PROBLEM TO BE SOLVED: To provide a low corrosion rate and high strength hot rolled 
steel sheet having tensile strength of ^590 N/mm2 and having excellent hole expansibility 
and ductility. 

SOLUTION: This steel sheet has a composition containing, by weight, 0.01 to 0.20% C, 
0.05 to 1 .5%"Si; 0.5 te 215% Mh. 0.03 to 0.2% P7^:09% S. 0.1 to 1 .0% CD; 0:i tb"i:0% 
Ni, <0.010% N, 0.0005 to 0.01% Mg, 0.002 to 0.07% Al and one or two kinds of 0.003 to 
0.25% Ti and 0.003 to 0.04% Nb. and the balance iron with inevitable impurities. Also the 
steel sheet contains MgO whose particle size is within 0.00^ to 5.0 i\m or multiplie oxide 
containing the MgO and one or more l<inds of AI203, Si02, MnO and Ti203 by 1 .0x103 
to 1 .0x107 pieces/nim2 by controlling the oxide and has a steel structure mainly 
consisting of ferritic structure and the balance bainitic structure. 
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%.Ni :0.1~1.0%,N:0.010%y.T. Mg:0.0005~0.01%, Al : 
0.002~0.07%, Jlt>Ti:0.003--O.25%,Nb:0.003~0.04% 

Mi.TiiOs <r>imi>L<ii2mxtcr>m^m<tmtn=^ ■' ' ■ 



(2) g32 002-20838 (P2002 - 2E]^!Hii8 



[fiSJi 1 ] mm.%i,zx 

C : 0. 0 1%tUi; 0. 2 0%WT. 

Si : 0. 0 5%tUi. 1. 5%VJT. 

Mn: 0. 5%ti±, 2. 5%OT: 

P : 0. 0 3%tJji, 0. 2?WrF. 

S : 6. OOQ^JiiT, 
Cu : 0. 1. 0%iaT. 

Ni : 0. l%m±, 1. 0%JilT. . 

N : 0. 0 1 o%m.r. 

Mg.O. OOOS^iJLh. 0. 01%i;JlT. 
Al : 0. 0 0 2%J.:Ui. 0. 0.7 %aT. 

Ti : 0. 0 03%tUi. 0. 2 5%iiJlT. 
Nb: 0. 0 0 3%J.:Ui. 0. 04%OT 

CO 1 as 2 ffl^w L . ct tPF^jge^j^M 

*^*^^>^(rO. fsi^S^iO. 005;um--5. OAtmCO® 
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1 . Q X 1 07 iimT^tf. mmmt:y:ii ^4 ha^^ 

c : 0. oi%mi. 0. 2 0%aT. 

Si : 0. 0 5%tUi, 1. 5%\:J.T. 
Mn: 0. 5%KLt. 2. 5%JilT. 
P : 0. 0 3%jyji. 0. 2%VXT. 

s : 0. 0 0 9?6j.::;.T, 

Cu:0. l%£Lt. 1. 0%J.:lT, 

N i : 0. 1%IU±. 1 . 0%JJIT. 

N : 0. 0 1 0%1.:^.T. 

Mg:0. 0 00 5%feJLh. 0. 0 1 

Al : 0. 0 0 2%iaJi. 0. 0 7%mT. 

T i : 0 . 0 0 3 Jb^Ji. 0 . 2 5%V1T. 
Nb:0. 0 0 3%i;a:. .0. 04%OT 

<o 1 Si jt ti 2 m-f^ L . mmifimi j; tpp^jBe^^M 

!|%|A>^>^'9. ^^blc. ?4-?S*^'0. OOSjt/m—S. 0 
wmliHTOMgO MgO$-#;2*iA 1 2 O3 . S 
i02 . MnO, Ti2 O3 <?) iMt b<{i2am±c7) 

i ) N$:it-ri.«^Wait)i7)d*>. ^<7)Hf-fx>'0. 0 

7t 0 1 . 0X103 ffltLhs 1 . 0 X 1 07 MOT-^ 

C : 0. 0 1%m±, 0. 2 0%JaT. , 



Si : 0. 0 5%tJLh, 1. 5%y.T. ■ 

Mn:0. 5%feUi. 2. 5%JaT. 

P : 0. 0 3%ta:. 0. 2%WF. 

S . : 0. 0 0 9%tiT. 

Cu : 0. l.%j;JLh. 1 . 0%JilT. 

N i : 0 . 1 %VXt. 1 . O^JiiT. 

N :0.0 10%J^it. 

Mg:0. 0005%iaJb. 0. 01%^. 

A 1 : 0 . 0 0 2%Jil±. 0 . 0 7%OT. 

Ti : 0. 0 0 3%J.:i±. 0. 25%mT. 
Nb : 0. 0 0 3%&.±. 0. 0 4%OT 

Ca:0. b0 0 5%JiLh. 0. 0 100%J2lT 
REMTC^tO^: 0. 000 5%feUi. 0- 0 100 

miz$)hMg0^fzii. MgOS-^;j*A 1 2 O3. Si 

02 , Mno, Ti2 03 coimi,L<ii2mxt<7)m 

■^m^mi}^ 1 ¥::^mmi5^ 01. 0X103 iiiJUis 

i . OX 1 07 fiOT-^tr. mmm^yj^y^ hmmt: 
c : 0. oi%iyji. 0. 20%aT, 

S i : 0 . 0 5%IJLh. 1 . 5%&.T. 

Mn.:0. 5%W-t. 2. 5%lilT. . 

P : 0. 0 3%i2JLh. 0. 2%J.JIT. 

S : 0. 0 0 9%JilT. 

Cu : 0. l^tLh. 1. 0%^. 

Ni :0. l%J.:aJi, 1. 0%lTF. : 

N : 0. 0 1 0%JilT. 

Mg : 0. 0005%J^Ui. 0. 0 l^J^T. 

Al :0. 0 0 2%J.:4±. 0. 0 7%ixr. 

mx/ 

Ti:0. 0 0 3%ti±. 0. 2 5%^. 
Nb: 0. 0 0 3%Ja±> 0. 0 4%lXr 

mi}^ii>^K}, ^ii>^Z. - 
C a : 0 . 0 0 0 5 0.0100 %l:).T 

REMTcSgO^tt: 0. Q0 0 5%I,:U:. 0. 0 100 

?%*^4>^0. *4^fS*»'0. 005;um— 5. Oum(DM 
gOttlli. MgOS:-i-;VtA l2 O3 . SiOz. Mn 

o, Ti2 03 <^imi>L<i±2muLtcDm'^mmt 
;itiimztx. ^c^mmiz (Nb. Ti > N^^-t^ 
m^mtamiDo-h. -eo-9--fx//o. osum—s. o 
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M^fiffi Lid fc-rs t><OT*>S , 
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[iis^8?-^-r«.^cJ6co#g] ^^M<^mmmfk<Dfzib 

tz^X'$)hti<. ^^^m^^ti^m.WMii-fz'^^. Ms 
^ma-r^ ^ t X'im^:r^cr>mmiz^-th ^yy^^ 
WLmm-it-t?> z t ^nmx'h set s-^ai tt^.-^t 
X. mu'p^z^-t^mimt^iixi^^mizLfz (n 
b. Ti) N(7)m^miii^^z:i^-'mnz^^miii^^6 
zbi,zj:o\ im^mizmm!f^-( v^^^^ithztx- 

9 <^m^^ m\ ^h%^x^^h>intt:>i\ 

tx\ Msmai,z^^mimimmLfz^izii, mt 
immw- 1 1-32348 ^mi^miimsL 
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0 . !if ^¥ 11-236645 ■^'^m<7)m^u<7)mmz 
m-r^^x'im sm-^m(mizj:*)mi^xm^^f^<7) 

^. zixi^ii\,^-rtLi,mms^itmizx&\:fy-yyt,zx 
•9. ^fLh^mmt-t^mm\>z$i\,^x'>imfmi\^±.\:. 

[0005] 1 ) m&3il,ZX C : 0 . 0 1 %^J±. 
0 . 2 0%J.:J.T. Si : 0 . 0 5%tA±. 1 . 5%VX 
T, Mn : 0. SXVXt. 2. 5%lilT, P : 0. 0 
3%0L±. 0. 2%mT. S : 0. 0 0 9%OT, C 
u : 0 . l%a±, 1. 0%WT. N i : O. 19m 
±. 1 . 0%W.T. N : 0. 0 1 0%l;J.T. Mg : 
0.000 5%U^±. 0.01 %mT. A 1 : 0 . 00 
2%m±. 0. 0 7%ar. *3J:tXTi : 0. 0 0 3% 
KJJi. 0. 2 5%J.:JIT. Nb : 0. 0 0 3%liUi. 0. 

OjuLm<^^liZhhMgOt.tilt. MgOSr-S-^^A 1 2 
O3, S i O2 , MnO. Ti2 O3 <7)1 ai> l.<U2 
m&±cr>m'^mit'\^ti^ l T:^mm^>?t 9 1. 0X103 

mixt. 1. 0x107 »:JiT-^tf, mmm^yj^y^ 
t ;^:fe(f e t mmzmtifci&m^mmM^mmmmm. 

[00 06] 2) ai%(ZTC : 0. 0 1%Jiil±, 
0. 2 0%a.T. Si : 0. 0 5%liLh, 1. 5%J.:jl 
T. Mn : 0. 5%JiLh, 2. 5%J31T. P : 0. 0 
3%W-±. 0. 2%OT. S : 0. 0 0 9%mT. C 
u : 0. l%lXt. 1. OXiHT. N i : 0. 1%UJI 
±. 1. 0%tAT. N :0. 0 1 0%i2JlT. Ms : 
0. 0005%tA±. 0. 0 1%mT. Al :0. 0 0 
2%y.±. 0. 0 7%y.T. fcctt/Ti • 0. 0 0 3% 
iSLh, 0. 25%feJlT. Nb : 0. 0 0 3%yji. 0. 

-^miTM^i}^^^^*). $4>tc. «l[i=^@*«0. 00 5a£ 
OMmt^XTiOMsOtfzlii. MgO$:#;2AAl 
2 O3 . S iOa , MnO, Tiz O3 <01 mi>L<li 

2muk±com-^mitmtzti^m(>zLx . -^commiz 
(Nb. Ti ) N^:^-nm-^mtiim(7)o'h< ^<r>^^ 

Xif 0. 05//m~5. 0)x mOToiEHOflf ai!R!l*< 1 
¥:^mm$>^Ol. 0X103 ilULh. 1. OxlO^. 

[0007] 3) JiM%tCTC :0. 0 1%J.Xh, 
0. 2 0%mT. Si : 0. 0 5%iil±. 1. 5%IJJl 



Ts Mn: 0. 5%VJ.±.. 2. 5%iy.T. P rO. 0 
3%JiUi; 0. 2%aT. S : 0. 0 0 9%JilT. C 
u : 0. l%mjt. 1 - 0%l:Xr. N i : 0. 1 %JU 
±, 1. 0%mT. N : 0. 0 10%mT. Mg : 
0.000 5%ki±. 0.01 %ITF. A 1 : 0 . 00 
2%J.UJt. 0. 0 7%OT. iSXX/Ti : 0. 0 0 3% 
IXt. 0. 25%WT. Nb:0. 0 0 3%Jil±. 0. 

'^m6^^pkmi)^i>^j:'0. ^(^iZ. Ca : 0. 00 0 5% 
0.01 0 0%OTREM7cS<??-^!t : 0 . 0 0 

0 5 %KLh. 0 . 0 10 0 %OT<^) 1 mtfctt2mis--^ 

0. 0 0 5//m~5. 0;umC7)^HtC25-l'MgOt3t 
(i. MgOSr-^;?iA 1 2 O3, Si02 . MnO, Ti 

2 03 <7)imi>L<ii2mxt(7>^^mmit^i^ijm 

rnhtlKfl- 0X103 MUUb. 1. OXlO'.fflOT 

mft^^t^wmfth:rM,imtmmzmtifzim 

[0008] 4) Mi?^{CTC :0.0 1%13Lh. 
0. 2 0%J.:iT, Si :0. 0 5%Ji]LJb, 1. 5%W 

T. Mn : 0. 5%J.:i±. 2. 5%OT. P : 0. 0 
3%&±. 0. 2%mT. S : 0. P0 9%WT. C 
u : 0. l%iaii. 1. 0%mT. Ni : 0. 1 %iU 

±. 1 . 0%mT, N : 0. 0 1 0%OT. Mg : 
0.000 5%JiUb. 0.01 %iilT. A 1 : 0 . 00 
2%J.:Lh. 0. 0 7%J^IT. kXX/Ti : 0. 0 0 3% 

liLh, 0. 2 5%^, Nb : 0. 0 0 3%J.iLt. 0. 

o4%arcoimitzi±2m-t^L. m^i^miixv^- 

'^mb'0^m^(i>^j:O. ^^IZ. Ca: 0. 00 0 5% 
JSUb. 0. 0 100%JaT 

REMymcO^n : 0 . 0 0 0 5 %VJ±. 0 . 0 10 0 

%y.Tcol«4;t{42a-&WL. mmij^tiix/^m 
eWM?^*^^>=5r9. S^S*^0. 0 0 5xim~5. OjU 
m<?)MgOi7t{±. MgOSr-ir;^itA 1 2 O3 , S i 
O2. MnO. Tis O3 <7)iai,L<{42ffiJiUiC0lg 
-&i?'fb!t%t LT . ^cr>mmiz ( N b . T 1 ) 

N$:W-rS?I-&^aj!|?50^*>. -eo-f-fXj&so. 0 5x£ 
m— 5 . Om mC0^O^tll!Kj7&* 1 ¥:&m m ft^i 0 1 - 

0 X 1 03 m:ih. 1 . 0X107 mmr^ts. mmm 

^^t-r^:rMnmtmmzm.ixtiim:kMmm^m. 
f^mm. . • ' • ■ 

[ 0 0 0 9 ] 5 ) liiRJi 1 xmmm2xim^m3x 
iimsm4^zmLt:mi:. s.WT&m^Ar3 

m&^Ti^mv. 3 5 or-^e o ox:xim^z t 

hm.nb-t^:it t:mmk-th:r:mmtmmzm.tirz 
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[ 0 0 i 0 ] 6 ) m^mixi±m^m2:^iim^3x 

KLtt-rhSm^ L^m. 2 O'CXs e c\^^±<Oi%&m. 

mT6 5 or-7 0 ox:iT<%mu., ui&mx'i smj 
[001117 ) it^js 1 xim^mixmmm sx 

tCfcV^T, S i b Mn 2:^SDt7t:f*J>;T i ^^a. 

wmzm^mi^M^^^^u<^m%-n^v ■■: 
coo 1 2] 8) mim'5xmim^x\m^nn ^z^ 

l-^-C. M g<7)^?W^Jli: bT S .i- ; N i ,i C u , A 
1 - REM (^±^S) <r> i a$>«..V>{i2SiJiJb;6-A 

C 0 0. 1 3 ] 9.);.iff*,^S {c:i5V>T .:M g-^^'fcTJM g 

jftS*n%tLhi o%*j^T-X)-g.c:t^#mt-f--g>jAj!f: 

m,':y. r. . :j; , ^ . -y^ 

C 0 0 14 1. 1 0. ) mi^'^ldi'^ 9 M g-^^ 
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}:,^mwi^hi5mmmmzm-i^^-mm:^ 
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[0016] *-r. 2ts:%Bfl^fi!c^cO[5gSaitCOUTjzB 
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{4MgO.$--^t^A 1 2. O3 S i O2 . ' Mn p. T i 2, 

03 (Dm-^m^mwmjmM g ^^jp t^i -^^mcmu ^ 
zixh<m.im\±. ogiiTii^v ■>7&sngci:, mzm&^^^ 

l^^^T^ifc 5 i: #;i ^il^ . fzfz V. O. 0 0 0 5%* 

mM±mu&izn^6imixmm-ti>m-Kfx-^j:< . 
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jE,t)m4'^«i$ij-r i t x-miz^ ^ y ^<^^±$rTOJ-r 

t^L^tt^. ^tlX^O. 002 xmMtwth . fz 
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